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ABSTRACT 

This  paper d iscusses  t h e  poss ib l e  a p p l i c a t i o n s  of Saturn 

veh ic l e s  t o  f u t u r e  space explora t ion .  P o t e n t i a l  missions 

u t i l i z i n g  Apollo der ived  hardware a r e  examined. Research, 

development, and opera t ions  i n  e a r t h  o r b i t  a s  we l l  a s  l u n a r  

exp lo ra t ion ,  unmanned and manned i n t e r p l a n e t a r y  exp lo ra t ion  

a r e  reviewed. These hypo the t i ca l  missions a r e  discussed 

i n  t h e  context  of t h e  present  and p o t e n t i a l  c a p a b i l i t y  of 

t h r e e  con f igu ra t ions  of  t h e  Sa turn  veh ic l e ;  an uprated 

Sa turn  I ,  a  three-s tage  Saturn V and a  four-s tage Sa turn  V.  

NOTE: Work presented he re in  was conducted by t h e  Douglas 
M i s s i l e s  and Space Systems Divis ion under company-sponsored 
r e sea rch  and development funds. Therefore,  t h e  concepts 
and o b j e c t i v e s  descr ibed  wi th in  t h i s  paper r e f l e c t  t h e  
opin ions  of  t h e  authors  and do not  n e c e s s a r i l y  c o n s t i t u t e  
endorsement by NASA, t h e  A i r  Force,  o r  any o t h e r  U. S. 
Government organiza t ion .  The nominal performance numbers 
presented  a r e  t y p i c a l  of t h e  cu r r en t  conf igura t ions  and 
p o s s i b l e  f u t u r e  veh ic l e  conf igura t ions .  



EXTENSIONS OF SATURN 

INTRODUCTION 

The landing  o f  Apollo on t h e  l u n a r  su r f ace  w i l l  r ep re sen t  t h e  accomplishment of 

a major United S t a t e s  goa l  i n  space. It was a  goa l  which was brave ly  s t a t e d  and 

bo ld ly  pursued. The resources  accumulated i n  accomplishing t h i s  goa l  w i l l  b e  

a b l e  t o  s e rve  t h e  United S t a t e s  and t h e  world i n  missions even more complex and 

perhaps u l t i m a t e l y  more important t han  Apollo. These resources  inc lude  launch 

f a c i l i t i e s ,  t r a c k i n g  systems, veh ic l e  propuls ive  techniques ,  important techno- 

l o g i c a l  and manufacturing competence, knowledge of  t h e  func t ioning  and l i m i t a -  

t i o n s  of  man i n  space ,  and t a l e n t  and e x p e r t i s e  tuned t o  t h e  needs of  t h e  space 

programs. Continued use  of  t h e s e  Apollo products  and c a p a b i l i t i e s  w i l l  make it 

p o s s i b l e  f o r  t h e  United S t a t e s  t o  pursue advanced goa l s  without t h e  n e c e s s i t y  

f o r  d u p l i c a t i n g  t h e  investment which w i l l  l e a d  t o  t h e  succes s fu l  accomplishment 

of Apollo. The p o s s i b l e  approaches o u t l i n e d  a r e  considered t o  be a  l o g i c a l  

ex tens ion  o f  cu r r en t  knowledge ex t r apo la t ed  t o  f u t u r e  space requirements.  

Throughout t h i s  paper t h e  gene ra l  performance of  t h r e e  v e h i c l e s  w i l l  be  discussed.  

These v e h i c l e  con f igu ra t ions  a r e  shown i n  f i g u r e  1. The f i r s t  i s  a  s tandard  

th ree - s t age  Sa turn  V, t h e  second i s  a  four-s tage conf igura t ion  of  Saturn V and 

uses  a Centaur a s  a  t y p i c a l  example of t h e  f o u r t h  s t age .  The t h i r d  con f igu ra t ion  

i s  a  s tandard  upra ted  Sa turn  I veh ic l e .  The d e t a i l s  of  t h e s e  con f igu ra t ions  and 

t h e i r  performance a r e  w e l l  known. B r i e f l y ,  t h e  s tandard  Sa turn  V v e h i c l e  weighs 

approximately 2.9 m i l l i o n  kg (6 .4  m i l l i o n  pounds) a t  l i f t - o f f  and can p l ace  over  

118,000 kg (260,000 pounds) i n  e a r t h  o r b i t  o r  43,000 kg (95,000 pounds) t o  escape 

v e l o c i t y .  The upra ted  Sa turn  I can p l ace  16,700 kg (37,000 pounds) i n  e a r t h  o r b i t .  

These v e h i c l e s  w i l l  b e  extremely important i n  accomplishing f u t u r e  space goa ls .  

Future  a c t i v i t y  i n  space can be grouped i n t o  t h r e e  regimes o f  exp lo ra t ion :  r e s e a r c h ,  

development and opera t ions  i n  e a r t h  o r b i t ;  unmanned and manned i n t e r p l a n e t a r y  

exp lo ra t ion ,  and l u n a r  exp lo ra t ion .  We w i l l  review t h e  poss ib l e  a p p l i c a t i o n  of 

Apollo-derived hardware t o  f u t u r e  missions i n  t h e s e  t h r e e  c a t e g o r i e s  of  space 

ope ra t  ion .  





EARTH ORBIT 

The performance of  t h e  three-s tage  and p o s s i b l e  four-s tage conf igura t ion  of 

Sa turn  V i s  shown i n  f i g u r e  2. The two-stage uprated Saturn I v e h i c l e  i s  

summarized i n  f i g u r e  3. I n  each in s t ance  it i s  poss ib l e  f o r  t h e s e  v e h i c l e s  t o  

achieve o r b i t a l  v e l o c i t y  wi th  only  two s t ages .  The upra ted  Saturn I can boost  

over  16,700 kg (37,000 pounds) t o  low e a r t h  o r b i t  a t  low i n c l i n a t i o n s  and t h e  

Sa turn  V,  117,500 kg (260,000 pounds).  The S-IVB s t a g e  a s  employed i n  Sa turn  V 

i s  capable of r e s t a r t .  Our performance s t u d i e s  have shown t h a t  when h igher  

a l t i t u d e s  a r e  r equ i r ed ,  payload can b e  increased  by f i r s t  en t e r ing  a low e a r t h  

o r b i t  and then  accomplishing a Hohmann t r a n s f e r  t o  a higher  a l t i t u d e .  The per- 

formance achieved i n  t h i s  Sa turn  V mission i s  shown i n  f i g u r e  4. Note i n  t h i s  

f i g u r e  t h a t  approximately 31,500 kg (70,000 pounds) can be placed t o  synchronous 

o r b i t  u s ing  Sa turn  V. 

The e a r t h  escape c a p a b i l i t y  o f  Sa turn  can be s i g n i f i c a n t l y  augmented i f  t h e  

v e h i c l e  i s  used i n  combination wi th  an uprated Saturn I launch. For example, 

i f  a p o r t i o n  o f  t h e  payload i s  boosted t o  e a r t h  o r b i t  on an upra ted  Sa turn  I and 

t h e  remaining p o r t i o n  of  t h e  payload i s  launched wi th  Sa turn  V ,  t h e  two payloads 

could  rendezvous and dock i n  e a r t h  o r b i t .  The Sa turn  V/S-IVB would t h e n  provide 

escape energy wi th  i t s  second burn. While a s tandard  Saturn V can launch 

43,000 kg (95,000 pounds) t o  escape v e l o c i t y ,  t h e  rendezvous mission depic ted  i n  

f i g u r e  5 can escape 54,500 kg (120,000 pounds),  an inc rease  of  about 25 percent .  

It i s  s i g n i f i c a n t  t o  no te  t h a t  t h i s  t ype  of  mission does not r e q u i r e  any a d d i t i o n a l  

hardware; r a t h e r  t h e  g a i n  i s  achieved by us ing  e x i s t i n g  Sa turn  hardware i n  t h e  

app ropr i a t e  sequence. 

I n  c e r t a i n  f l i g h t s  o f  upra ted  Saturn I and Saturn V ,  i n  bo th  t h e  Apollo and 

follow-on programs, t h e  upper o r  S-IVB s t ages  a r e  expected t o  remain i n  o r b i t  

a f t e r  p r o p e l l i n g  primary payloads i n t o  t h e i r  mission t r a j e c t o r y  ( s e e  f i g u r e  6 ) .  

Such expended o r  spent  s t a g e s  could be p r o f i t a b l y  u t i l i z e d  i n  s c i e n t i f i c  experi-  

ments, technology development, and sometimes even ope ra t iona l  support .  Thus, it 

appears  t h a t  t h e  expended S-IVB s t a g e s ,  r a t h e r  than  d r i f t i n g  unused i n  space,  may 

b e  app l i ed  t o  an  e n t i r e l y  new s e r i e s  of  secondary app l i ca t ions .  

Due t o  i t s  l a r g e  volume and o t h e r  unique c h a r a c t e r i s t i c s ,  t h e  d r i f t i n g  S-IVB 

s t a g e  can provide  some r a t h e r  economicai and u s e f u l  s e r v i c e s  and accommodations 



NOMINAL SATURN V THREE & FOUR STAGE PERFORMANCE 
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SATURN V HOHMANN TRANSFER PAYLOAD CAPABILITY 

PARKING ORBIT ALTITUDE (N. MI.) 

INJECTION INTO / rlmL ORBIT 

PAY LOAD (1000 LBS) 
(Kg x 453) 

FIGURE 4 

PAYLOAD RENDEZVOUS MODE 

FIGURE 5 

5 



APPLICATIONS OF THE SATURN 
S-IVB SPENT STAGE 

FOR SCIENCE, TECHNOLOGY, AND OPERATIONAL SUPPORT 

FIGURE 6 

i n  space.  An example of a  spent  S-IVB app l i ca t ion  t h a t  can be considered i s  an 

o r b i t a l  rendezvous and launch technology experiment involving two S-IVB's. 

O r b i t a l  Rendezvous and Launch Technology 

Many of t h e  f u t u r e  programs being s tud ied  involve opera t ions  such a s  v e h i c l e  

rendezvous, docking, o r b i t a l  checkout, r e s t a r t ,  and launch. In  r e c e n t  y e a r s ,  

t h e r e  has  been a cons iderable  growth i n  i n t e r e s t  concerning o r b i t a l  assembly 

and r e u s e  of  v e h i c l e s  f o r  such a p p l i c a t i o n s  a s  Martian Flyby, l a r g e  o r b i t a l  

r e s e a r c h  l a b o r a t o r i e s ,  o r b i t a l  launch f a c i l i t i e s ,  and space l o g i s t i c s  systems. 

I n d i c a t i o n s  a r e  t h a t  t h e s e  systems w i l l  b e  developed subsequent t o  t h e  Apollo 

Program i n  t h e  n ine teen  seven t i e s  and n ine teen  e i g h t i e s .  Therefore,  it i s  

important  t h a t  t h e  va r ious  technologies  involved i n  such f u t u r e  systems be a t  

l e a s t  broached o r  e lementa l ly  developed a s  soon a s  poss ib l e .  

The programs fol lowing Apollo w i l l  undoubtedly involve a  g r e a t  v a r i e t y  of sc ience  

and technology experiments.  I n  t h e  technology a r e a ,  t h e  experiments could range 

from t h e  t e s t i n g  of space e f f e c t s  on components t o  l a r g e  s c a l e  ope ra t iona l  



experiments involv ing  e n t i r e  veh ic l e s .  Since t h e r e  i s  cons iderable  i n t e r e s t  

i n  u t i l i z i n g  cu r ren t  v e h i c l e s  a s  much a s  p o s s i b l e  t o  pene t r a t e  new technology 

and mission a r e a s ,  t h e  spent  S-IVB a f f o r d s  an exce l l en t  experimental resource.  

I n  view of  f u t u r e  space system o b j e c t i v e s ,  we f e e l  t h a t  cons iderable  r e sea rch  

and development should be conducted i n  t h e  f i e l d s  of o r b i t a l  rendezvous, docking, 

and r e s t a r t ;  p a r t i c u l a r l y  t h e  a s soc i a t ed  mechanical,  hyd rau l i c ,  pneumatic, 

e l e c t r i c a l ,  and e l e c t r o n i c  i n t e r a c t i o n  between veh ic l e s  i n  space. 

A g r e a t  amount of  d a t a  on t h e  b a s i c  hardware and techniques involved i n  o r b i t a l  

ope ra t ions  can be acqui red  through t h e  j o i n t  launching and i n t e r a c t i o n  of two 

upra ted  Sa turn  I/S-IVB s t a g e s ,  accompanied by a manned Apollo Command and Serv ice  

Module ( s e e  f i g u r e  7 ) .  In  t h i s  hypo the t i ca l  experiment,  t h e  f i r s t  of two upra ted  

Sa turn  I v e h i c l e s  used would launch an S-IVB which i n j e c t s  i t s e l f  i n t o  o r b i t  wi th  

approximately 8,600 kg (19,000 pounds) of r e s i d u a l  p r o p e l l a n t s ,  very  s i m i l a r  t o  

t h e  experiment flown on Vehicle  AS-203. The second upra ted  Saturn would r e q u i r e  

a Command and Se rv ice  Module launched t o  i n t e r c e p t  t h e  f i r s t  o r  unmanned v e h i c l e  

s h o r t l y  a f t e r  completion of i t s  f i r s t  o r b i t ;  s imi l a r  t o  Gemini 7 and 6 mission.  

The manned v e h i c l e  would be flown t o  a p o s i t i o n  s l i g h t l y  below and ahead of t h e  

t a r g e t  v e h i c l e ,  us ing  f u l l  J-2 engine t h r u s t  o f  885,000 newtons (200,000 pounds).  

Gross t e r m i n a l  rendezvous would be  accomplished with t h e  J-2 engine ope ra t ing  i n  

an  i d l e  mode a t  approximately 26,500 newtons (6,000 pounds) t h r u s t  and b r ing  t h e  

chase v e h i c l e  90 meters  (300 f e e t )  i n  f r o n t  of t h e  t a r g e t  veh ic l e .  Micro- 

rendezvous and docking would be  accomplished wi th  t h e  a u x i l i a r y  propulsion system 

o f  t h e  chase v e h i c l e  under d i r e c t  a s t ronau t  observat ion.  Af t e r  docking, a 

453 kg/min (1,000 pounds per  minute) p rope l l an t  t r a n s f e r  experiment would be 

performed, followed by a 5-2 engine checkout, countdown, and r e s t a r t .  It appears 

f e a s i b l e  t o  burn t h e  J-2 engine f o r  approximately t e n  s e c o n d s , i n  such a r e s t a r t .  

This  t h r u s t  could be  used t o  e i t h e r  park t h e  v e h i c l e  i n  a higher  o r b i t  o r  perhaps 

d e o r b i t  it f o r  deb r i s  c o n t r o l  o r  i n  a recovery experiment. 

Performing t h i s  kind of experiment would penni t  development of  technology l ead ing  

t o  s t a g e  assembly i n  e a r t h  o r b i t  and technology experimentation with l a r g e  s c a l e  

p rope l l an t  t r a n s f e r ,  both important f a c e t s  of  f u t u r e  space ope ra t ions .  
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INTERPLANETARY EXPLORATION 

The Sa turn  v e h i c l e  fami ly  can s i g n i f i c a n t l y  con t r ibu te  i n  t h e  pu r su i t  of i n t e r -  

p l a n e t a r y  goa l s  bo th  f o r  manned and unmanned missions.  In  t h e  case of unmanned 

probes ,  t h e  Voyager payload f o r  f l i g h t s  t o  Mars and Venus aboard Sa turn  V could 

be considered i n  t h e  e a r l y  and mid-70's. A poss ib l e  conf igura t ion  i s  shown i n  

f i g u r e  8. Here t h e  th ree - s t age  Saturn V i s  used t o  d e l i v e r  two payloads t o  Mars. 

The payloads themselves have been conceived a s  f l yby  spacec ra f t  which sepa ra t e  

and monitor s o f t  landing modules. Depending on t h e  exact  na tu re  of t h e  t r a j e c t o r y  

chosen, Sa turn  V can boost  approximately 34,000 kg (75,000 pounds) of payload on 

a  150-day Mars t r i p .  

Unmanned I n t e r p l a n e t a r y  Explorat ion 

The Sa turn  family of v e h i c l e s  can perform missions demanding even more boos t e r  I 
energy than  Voyager. We have analyzed, f o r  example, t h e  use of Saturn V i n  1 
th ree-s tage  and four -s tage  modes i n  missions t o  a l l  of t h e  p l a n e t s ,  t h e  a s t e r o i d s ,  

f l i g h t s  toward t h e  sun, f l i g h t s  ou t -of - the-ec l ip t ic  and beyond t h e  s o l a r  system 
I I 

i t s e l f .  I n  d iscuss ing  t h e  p o t e n t i a l  performance of t h i s  veh ic l e  i n  t h e s e  

advanced miss ions ,  r e f e rence  w i l l  be  made t o  cu r r en t  conf igura t ions .  The f i r s - t  

of t h e s e  included i n  our  s t u d i e s  i s  t h e  s tandard Saturn ;V us ing  t h e  Voyager 

shroud, shown i n  f i g u r e  9. The upper s t age  here  conta ins  about 18,200 kg I 
(40,000 pounds) high energy p rope l l an t  and has a  t h r u s t  of 133,000 newtons I 
(30,000 pounds).  This  s t age  i s  roughly equivalent  t o  t oday ' s  Centaur. Some 

I 
I 

I 

p o s s i b l e  f u t u r e  unmanned i n t e r p l a n e t a r y  missions a r e  reviewed i n  t u r n .  

P l ane ta ry  Explorat ion 

F l i g h t s  t o  Mars and Venus r e q u i r e  l e s s  energy than  o t h e r  p l a n e t s .  A s  our i n t e r e s t  1 
begins  t o  extend beyond t h e  nearby p l a n e t s ,  we w i l l  f i n d  t r i p  time inc reas ing  and 

payload capac i ty  of launch systems diminishing. For example, a  t r i p  t o  J u p i t e r ,  I 

l 
a p a r t i c u l a r l y  i n t e r e s t i n g  t a r g e t  because of i t s  mass, w i l l  r e q u i r e  approximately 

I 

750 days on a simple Hohmann t r a n s f e r  t r i p  t r a j e c t o r y .  The three-s tage  Saturn V 

v e h i c l e  could d e l i v e r  a  10,800 kg (24,000 pound) payload on t h i s  mission;  t h i s  

payload could be increased  t o  16,300 kg (36,000 pounds) by us ing  a  four-s tage 

Saturn V. I f  payloads of  t h i s  magnitude a r e  not  r equ i r ed ,  apprec iab ly  s h o r t e r  



POSSIBLE VOYAGER PAYLOAD ARRANGEMENT 

FIGURE 8 

4th STAGE FOR SATURN V FOR DEEP SPACE MISSIONS 

FIGURE 9 
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t r i p  t imes  can be achieved a s  shown i n  f i g u r e  10.  Note t h a t  wi th  t h e  four-s tage 

Sa turn  V con f igu ra t ion ,  t h e  t r i p  t ime can be reduced by one-half and a  payload 

of 5,800 kg (13,000 pounds) i s  s t i l l  a v a i l a b l e .  
.' 

Comet I n t  e r c e ~ t  

Short  pe r iod  comets r e t u r n  every s i x  o r  seven years  and have aphe l i a  c l o s e  t o  

J u p i t e r ' s  o r b i t .  These comets i n  p a r t i c u l a r  w i l l  provide good t a r g e t s  f o r  probe 

v e h i c l e s  of  t h e  f u t u r e  because t h e i r  o r b i t s  a r e  known and t h e i r  a r r i v a l  t imes a r e  

p r e d i c t a b l e .  The Comet Encke i s  a  good choice f o r  a  comet i n t e r c e p t  mission 

because it i s  a s soc i a t ed  wi th  f o u r  l a r g e  meteor streams and thus  wi th  a  l a r g e  

quan t i t y  o f  m e t e o r i t i c  ma te r i a l .  It i s  a l s o  t h e  c l o s e s t  t o  e a r t h ,  a  b r i g h t  

comet, and provides t ime,  p r i o r  t o  pe r ihe l ion ,  a v a i l a b l e  f o r  da t a  recovery. 

Encke has  a s h o r t  per iod  which provides many launch oppor tun i t i e s .  It should be  

emphasized t h a t ,  en r o u t e  t o  t h e  comet, very va luable  information can be 

c o l l e c t e d  on a l l  a spec t s  of space environment ou t s ide  t h e  plane-of- the-ecl ipt ic .  

The three-s tage  Sa turn  V can boost  10,000 kg (22,000 pounds) on an i n t e r c e p t  

t r a j e c t o r y  with Encke and t h e  f o u r  s t a g e  veh ic l e ,  15,400 kg (34,000 pounds). The 

t r i p  t ime f o r  t h i s  mission i s  approximately 100 days. P a r t i c u l a r l y  i n t e r e s t i n g  

experiments could be  performed r e l a t i n g  t o  t h e  determinat ion o f  t h e  comet 

s t r u c t u r e ,  plasma i n t e r a c t i o n s ,  and chemical composition. FoT' example, phys i ca l  

ins t rumenta t ion  could be employed which might confirm o r  r e f u t e  t h e  " icy  conglom- 

e r a t e "  model concept now thought t o  r ep re sen t  comet s t r u c t u r e .  

As te ro id  Missions 

Between t h e  o r b i t s  of Mars and J u p i t e r  revolve thousands of small  bodies  c a l l e d  

a s t e r o i d s ,  p l ane to ids  o r  minor p l a n e t s .  Some a r e  only a  few mi les  o r  l e s s  i n  

d iameter ;  whi le  Ceres,  t h e  l a r g e s t ,  i s  nea r ly  925 km (500 m i l e s )  across .  

Typical  a s t e r o i d  experiments would inc lude  measurement of mass d i s t r i b u t i o n ;  

o p t i c a l  spec t rographic  experiments r e l a t i n g  t o  phys i ca l  p r o p e r t i e s  of  t h e  

a s t e r o i d s ,  chemical a n a l y s i s  of t h e  p a r t i c l e s  involving thermal  neutron a c t i v i t y ,  

neutron cap tu re ,  gamma ray  a n a l y s i s ,  gas  chromatography, X-ray f luorescence ,  e t c . ,  

t o  determine organic  and inorganic composition of some small  captured a s t e r o i d s ,  

measurement of  i n t e r p l a n e t a r y  magnetic f i e l d s ,  i n t e r a c t i o n  of t h e  s o l a r  plasma 



T R I P  TIME VS PAYLOAD CAPABILITY 

w i t h  t h e  a s t e r o i d s ,  equi l ibr ium temperature i n  t h e  b e l t .  A l l  w i l l  b e  of v i t a l  

s c i e n t i f i c  i n t e r e s t .  Te lev is ion  p i c t u r e s  of  t h e  a s t e r o i d s  may l e a d  t o  g r e a t e r  

unders tanding  of t h e  processes  of formation of t h e s e  anomolous bodies  and t h e  

s o l a r  system i t s e l f .  Saturq V can p l ace  a 3,200 kg (7,000 pound) payload p a s t  

t h e  a s t e r o i d  Ceres and t h e  four-s tage vers ion  can boost  10,000 kg (22,000 pounds) 

Th i s  mission involves  a  t r i p  t ime of  200 days. 
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A probe toward t h e  sun would have a s  i t s  ob jec t ives  t h e  determinat ion o f :  

1. S p a t i a l  and temporal v a r i a t i o n  of d i s t r i b u t i o n ,  energy s p e c t r a ,  and 
t r a j e c t o r i e s  of s o l a r  p a r t i c l e s .  

2 .  Type of  p a r t i c l e  ma t t e r ,  i . e . ,  e l e c t r o n s ,  p ro tons ,  neutrons and 
heav ie r  ions .  

0 5 10 15 20 25 30 35 40 
PAYLOAD (LBS) x 103 

(Kg x 453) 

FIGURE 10 

. 

- 

3. The s p a t i a l  and temporal v a r i a t i o n  of magnetic and e l e c t r i c a l  f i e l d  
s t r e n g t h s  and d i r e c t i o n s .  

4. I n t e r a c t i o n s  between p a r t i c l e s  and f i e l d s .  

NOTE: PERFORMANCE DATA BASED ON 90' LAUNCH AZIMUTH 
COPLANAR DIRECT ASCENT LAUNCH FROM EASTERN - 
TEST RANGE 

5. Extent of t h e  lower frequency electromagnet ic  r a d i a t i o n  from t h e  sun. 



The c lose r  a payload i s  placed t o  t h e  surface of t h e  sun, t h e  more energy 

demanding t h e  mission. A s o l a r  probe flown t o  . 2  AU and boosted by a four- 

s t age  Saturn V can weigh 6,700 kg (14,000 pounds); on a mission t o  .12 AU, a 

four-stage Saturn  V can boost 2,500 kg (5,500 pounds). The t r i p  times associated 

with t h e s e  missions a r e  80 and 75 days, respect ive ly .  

Out-of-the-Eclipt i c  Probes 

A l l  p lane t s  o r b i t  i n  planes t h a t  a r e  inc l ined l e s s  than 7 degrees from t h e  

e c l i p t i c  plane except Pluto which i s  inc l ined  17 degrees. To da te ,  s c i e n t i f i c  

missions have been l i m i t e d  t o  near t h e  e c l i p t i c  plane. Space explorat ion i n t o  

higher inc l ined  o r b i t s  (out-of- the-ecl ipt ic)  a r e  most des i rab le ,  but higher 

boost v e l o c i t i e s  a r e  required.  

An out-of- the-ecl ipt ic  probe would determine whether s o l a r  phenomena, such a s  

t h e  s o l a r  wind, possess spher i ca l  symmetry o r  a r e  confined c h i e f l y  t o  t h e  plane 

o f  t h e  e c l i p t i c .  The probe w i l l  measure s o l a r  phenomena, including s o l a r  storms, 

electromagnetic and e l e c t r o s t a t i c  f i e l d s ,  high energy p a r t i c l e s  and perhaps, 

X and Gamma Ray measurements toward and away from t h e  sun. By making t h e s e  

measurements i n  a p lane  inc l ined  s i g n i f i c a n t l y  out-of-the-ecliptic (10' - 45 ' ) , 
a t h i r d  dimension would be  added t o  our knowledge of s o l a r  system physics. 

I f  t h e  mission were defined a s  requi r ing  an o r b i t a l  t r a j e c t o r y  i n c l i n a t i o n  30' 

t o  t h e  e c l i p t i c  with a r ad ius  from t h e  sun equal t o  t h a t  of  t h e  e a r t h ' s  o r b i t a l  

r a d i u s ,  a payload of about 545 kg (1,200 ~ o u n d s )  could be boosted by t h e  four- 

s t age  Saturn V. The mission i s  qu i t e  s e n s i t i v e  t o  i n c l i n a t i o n  angle and i f  t h e  

mission i s  flown a t  25' i n c l i n a t i o n ,  payload w i l l  r i s e  t o  5,450 kg (12,000 pounds). 
& 

E m l o r a t i o n  of  Earth/Moon Libra t ion  Points  

S tab le  g r a v i t a t i o n a l  po in t s  e x i s t  between two planetary  bodies. These po in t s ,  

known a s  t h e  L /L "Trojan" po in t s ,  a r e  es tabl i shed by t h e  r e s t r i c t e d  t h r e e  body 
4 5 

g r a v i t y  case. The most i n t e r e s t i n g  examples of na tu ra l  bodies t h a t  occupy po in t s  

L4 and L a r e  t h e  " h o j a n "  a s t e r o i d s ,  which a r e  i n  t h e  Sun-Jupiter system. For 
5 

t h e  e a r t h  and moon, t h e  po in t s  a r e  located  i n  t h e  plane t h a t  includes t h e  ea r th /  

moon a x i s  l i n e  and t h e  lunar  o r b i t .  Each point  l i e s  a t  t h e  apex of  an equi- 

l a t e r a l  t r i a n g l e  wi th  t h e  moon and t h e  e a r t h  a t  t h e  o the r  two apexes ( s e e  

f i g u r e  11) .  



EARTH-MOON LIBRATION POINTS 

II 

FIGURE 11 

Access t o  earth/moon L4 and L would involve space f l i g h t  from t h e  e a r t h  
5 

s i m i l a r  t o  t h a t  f o r  a  l u n a r  mission,  except t h a t  t h e r e  would be an absence o f  

a t t r a c t i n g  f o r c e s  a s  t h e  spacec ra f t  approached t h e  L po in t .  

I n  a  t y p i c a l  mission a  s a t e l l i t e  would b e  placed a t  t h e  L4 o r  L p o i n t s ;  t h i s  
5 

body could p e r s i s t  i n  s t a b l e  motion about t h e  e a r t h  a t  t h e s e  two p o i n t s .  The 

s a t e l l i t e  would provide d a t a  on t h e  g r a v i t a t i o n a l  f i e l d s  surrounding t h e  e a r t h  

and moon and any c y c l i c  phenomena a s soc i a t ed  wi th  t h e s e  f i e l d s .  It might a l s o  

make measurements t o  determine t h e  concent ra t ion ,  s i z e ,  and mass of t h e  poss ib l e  

dus t  c louds (cosmic d e b r i s )  cen tered  a t  t h i s  reg ion .  These experiments could 

provide  va luab le  information about t h e  o r i g i n  of t h e  moon and t h e  s o l a r  system. 

S a t e l l i t e s  l oca t ed  a t  t h e  l i b r a t i o n  p o i n t s  (L4 and L ) not  only have s c i e n t i f i c  
5 

va lue ,  bu t  may a l s o  have poss ib l e  p r a c t i c a l  a p p l i c a t i o n s .  These bodies  could be 

used a s  a  communication r e l a y  s t a t i o n  f o r  deep-space probes o r  manned landings  

on o t h e r  p l a n e t s ,  t hus  minimizing t h e  long d i s t a n c e  communication problem. They 

may a l s o  be used a s  a  "warehouse" t o  s t o r e  equipment dur ing  t h e  establ ishment  of  

a  l u n a r  base.  



The s tandard  Sa turn  V can p lace34,000kg (76,000 pounds) a t  t h e  earth/moon 

l i b r a t i o n  p o i n t s  and t h e  four-s tage ve r s ion ,  38,500 kg (85,000 pounds).  

Probes-Out-of-the-Solar Svstem 

The next  s t e p  beyond exp lo ra t ion  of t h e  s o l a r  system i s  exp lo ra t ion  of i n t e r -  

s t e l l a r  space. This t y p e  of mission envis ions  an ins t rxnented  probe boosted t o  '- 
a very  h igh  v e l o c i t y ,  16,750 meter /sec (55,000 f t / s e c  minimum) which w i l l  a l low 

it t o  escape t h e  s o l a r  system. This t ype  of probe w i l l  provide t h e  f i r s t  d i r e c t  

s tudy  of t h e  i n t e r s t e l l a r  medium. Such probes w i l l  c o l l e c t  s c i e n t i f i c  d a t a  on 

cosmic r a y s ,  s t e l l a r  dus t  and o t h e r  g a l a c t i c  phenomena and may provide  new c l u e s  

t o  t h e  o r i g i n  and na tu re  o f  t h e  universe.  Also d e t a i l e d  t r ack ing  of t h e  o r b i t  

of t h i s  probe may a i d  i n  t h e  determinat ion o f  a d d i t i o n a l  s o l a r  system p l a n e t s .  

The s c i e n t i f i c  observa t ions  t h a t  could be performed on a probe escaping t h e  

s o l a r  system a r e  e s s e n t i a l l y  t h e  same a s  t hose  on t h e  out -of - the-ec l ip t ic  probes. 

However, i n s t e a d  o f  observing t h e  i n t e r p l a n e t a r y  medium as a func t ion  of angle  

from t h e  e c l i p t i c ,  t h e  probe w i l l  s tudy t h e  i n t e r p l a n e t a r y  medium a s  a func t ion  , 

of d i s t a n c e  from t h e  sun. These observa t ions  would inc lude :  

1. Veloc i ty  and d e n s i t y  of t h e  s o l a r  wind and t h e  boundary between t h e  
s o l a r  wind and t h e  i n t e r s t e l l a r  medium. 

2. Neut ra l  gas  atoms and molecules.  

3. Gradien ts  i n  t h e  i n t e n s i t y  o f  g a l a c t i c  cosmic r a y s .  

4 .  S o l a r  cosmic r ays .  

5 .  Magnetic f i e l d  a s soc i a t ed  with s o l a r  wind, both before  and beyond 
s o l a r  wind te rmina t ion .  

6.  Ga lac t i c  magnetic f i e l d .  

7. I n t e n s i t y  and v e l o c i t i e s  of meteoroids.  

8. Search f o r  presence of  t rans-Plu to  p l a n e t s  and p l ane t s  loca ted  
beyond Plu to .  

The four -s tage  Sa turn  V can p l ace  5,750 kg (13,000 pounds) on an ex t r a - so l a r  system 

f l i g h t .  However, wi th  t h i s  payload weight t h e  f l i g h t  t imes t o  reach beyond t h e  

o r b i t  o f  P l u t o  a r e  q u i t e  l a r g e ;  approximately eleven yea r s .  In  an excess v e l o c i t y  



mission some of t h e  payload could be traded f o r  shor ter  f l i g h t  time. For 

example, i f  t h e  payload i s  r e s t r i c t e d  t o  450 kg (1,000 pounds), f l i g h t  time t o  

t h e  o r b i t  of Pluto drops t o  7.5 years. 

Thus, t h e  Saturn V vehic le  i n  a three-stage o r  four-stage configurat ion can 

s a t i s f y  t h e  complex requirements presented by t h e  goal  of s c i e n t i f i c  explorat ion 

of our so la r  system. The performance of t h e s e  vehicles i s  summarized i n  

f igure  12. 

Manned Interplanetary  Exploration 

The Saturn V c l a s s  vehic le  can be used t o  send men t o  Mars and Venus i n  f lyby 

missions. For a t y p i c a l  mission, we have studied t h e  use of t h e  Saturn V i n  

manned planetary  explorat ion missions, employing a six-man spacecraf t ,  flown past  

t h e  planet  Mars i n  t h e  1977 time period. This mission involves e a r t h  o r b i t  

assembly of fueled  S-IVB's with a spacecraft  whose design i s  evolved from a 

Manned Orb i t a l  Research Lab space s t a t i o n  module and an Apollo command module 

with s u i t a b l e  mid-course and retropropulsion added. 

I n  t h e  mission envisioned ( f igure  131, t h r e e  Saturn V vehic les  launch fueled  

S-IVB's i n t o  e a r t h  o r b i t .  The S - I n ' s  a r e  docked with a Support Orbi ta l  Dock 

(SORD) which serves a s  an o r b i t a l  docking and checkout s t a t i o n .  The SORD pro- 

vides forward accelera t ion f o r  propellant  s e t t l i n g  p r i o r  t o  S-IVB venting. The 

maneuvering of t h e  S-IVB t o  rendezvous i s  accomplished by a j e t t i sonab le  cryogenic 

s tage  made up of hydrogen/oxygen propellant  containers and two RL-10 engines 

(CUSS).  After  t h e  f i r s t  S-IVB has entered o r b i t ,  t h e  CUSS i s  removed and t h e  

following S-IVB's a r e  launched and mated with t h e  f i r s t .  A four th  Saturn V 

launch places t h e  mission spacecraft  i n t o  o r b i t .  This u n i t  i s  maneuvered t o  

rendezvous and dock by another CUSS. Thus, t h e  s tack assembled i n  o r b i t  i s  

composed of  t h r e e  S-IVB's, a mission module and a navigation and propulsion 

module. The hardware i n  o r b i t  i s  shown i n  f i g u r e  14. The spacecraft  i t s e l f  i s  

shown i n  f igure  15. 

It may be seen t h a t  t h e  spacecraft  i s  composed of a probe room, from which Mars 

experiments a r e  launched during t h e  passage of t h e  p lanet ,  a con t ro l  room con- 

t a i n i n g  a b ioshie ld  f o r  protec t ion agains t  s o l a r  f l a r e s  during t r a n s i t ,  a cent r i fuge  
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f o r  producing pe r iod ic  g r a v i t y  exe rc i se  f o r  each crewman during f l i g h t ,  and an 

a u x i l i a r y  propuls ion  system f o r  providing mid-course c o r r e c t i o n s .  The Apollo 

it s e l f  i s  c a r r i e d  wi th  t h e  spacecraf t  f o r  eventua l  r e t u r n  through t h e  e a r t h ' s  

atmosphere. A r e t rog rade  module a t tached  t o  t h e  Apollo provides braking i n  t h e  

v i c i n i t y  of t h e  e a r t h .  The mission i t s e l f  i s  depic ted  i n  f i g u r e  1 6 .  F l i g h t  time 

i s  approximately 670 days. The s c i e n t i f i c  observat ions a r e  conducted throughout 

t h e  e n t i r e  f l i g h t ;  t h e  most i n t e n s i v e  per iod  of I4ars explora t ion  i s  accomplished 

during t h e  s e v e r a l  days of t w i l i g h t  f lyby.  Af te r  pass ing  Mars, t h e  spacec ra f t  

swings out  toward t h e  a s t e r o i d  b e l t .  The recovery sequence of t h e  Apollo space- 

c r a f t*  i s  s i m i l a r  t o  t h a t  planned f o r  t h e  luna r  f l i g h t .  It i s  s i g n i f i c a n t  t o  no te  

t h a t  i n  t h e  1977 t ime pe r iod ,  t h e  mission descr ibed  can be  accomplished wi th  

spacec ra f t  weights  approaching 91,000 kg (200,000 pounds).  Through t h e  i n t r o -  

duct ion of e a r t h  o r b i t  rendezvous techniques ,  Saturn V can provide a  very 

s i g n i f i c a n t  con t r ibu t ion  t o  manned s o l a r  system exp lo ra t ion .  

The energy requirements of  a  manned Mars landing appear t o  r e q u i r e  t h e  use  of 

a  nuc lear  upper s t age .  For t h i s  mission,  upra ted  Saturn V f i r s t  and second 

s t a g e s  could p l ace  nuc lear  s t ages  i n  o r b i t  which could be assembled by t h e  

techniques  o u t l i n e d  f o r  t h e  Mars f lyby  mission. Thus, t h e  experience gained i n  

assembling s t ages  f o r  t h e  chemical f lyby  mission i s  d i r e c t l y  app l i cab le  t o  t h e  

landing  mission.  

LUNAR EXPLORATION 

After  t h e  Apollo l u n a r  landing  i s  completed follow-on programs w i l l  use  t h e  Sa turn  

Apollo hardware t o  i n i t i a t e  an expanded survey of our s a t e l l i t e .  The moon o f f e r s  

t h e  promise t o  man of t h e  discovery of t h e  mechanism of  human and p l ane ta ry  

c r e a t i o n .  I n  t h e  l u n a r  s u b s o i l ,  we may f i n d  samples of p r o t o l i f e  drawn from t h e  

e a r l y  e a r t h  environment. Professor  Urey has hypothesized,  f o r  example, e a r l y  

depos i t i on  on t h e  moon of water from t h e  e a r t h  conta in ing  p r i m i t i v e  l i f e  specimens. 

Knowledge of  t h e  volcanic  o r  non-volcanic na tu re  of t h e  moon may shed l i g h t  on 

whether t h e  moon o r i g i n a t e d  from t h e  e a r t h  o r  was captured a s  a  pass ing  c e l e s t i a l  

body. 

The moon may eventua l ly  o f f e r  a  platform f o r  manufacturing and research  which 

cannot be  e a s i l y  accomplished on e a r t h  o r  i n  e a r t h  o r b i t .  I n  t h e  r e sea rch  a r e a ,  



f o r  example, high vacuum on t h e  luna r  su r f ace  co,uld prove t o  be b e n e f i c i a l  i n  

m a t e r i a l s  r e sea rch ,  hea t  t r a n s f e r ,  t h i n  f i l m  technology, welding r e sea rch ,  

cool ing a p p l i c a t i o n s ,  vacuum d i s t i l l a t i o n ,  super-conduct ivi ty ,  e t c .  The l u n a r  

environment may o f f e r  advantages t o  spec i a l i zed  manufacturing p roces ses ,  but  

t h e s e  w i l l  be c o s t l y .  For example, it i s  poss ib l e  t o  envis ion  manufacturing 

and assembly o f  systems near  abso lu t e  zero involving t h i n  f i l m  depos i t i on ,  

vacuum welding, e t c .  On t h e  backside of t h e  moon, l a r g e  r a d i o  astronomy 

t e l e scopes  would be sh ie lded  from t h e  r a d i o  no i se  of t h e  e a r t h ,  and, i f  on t h e  

dark s i d e ,  from thermal  a g i t a t i o n .  An o p t i c a l  t e l e scope  of course would not 

be  impeded by an atmosphere and t h e  low l u n a r  g r a v i t y  would permit  use of l a r g e  

a p e r t u r e s .  Since t h e  moon r o t a t e s  once per  month r a t h e r  than  once per  day,  t h e  

problem of t r a c k i n g  i s  much s imp l i f i ed  i n  bo th  r a d i o  and o p t i c a l  astronomy. The 

mass of  t h e  moon i s  g r e a t  compared t o  an a r t i f i c i a l  s a t e l l i t e .  Therefore ,  t h e s e  

d e l i c a t e  s c i e n t i f i c  i n s t a l l a t i o n s  would not  be  subjec ted  t o  a b e r r a t i o n s  induced 
* 

by motion of t h e  man i n  proximity t o  t h e  instrument .  Evektual ly a  l u n a r  s t a t i o n  

could provide a  long term e a r t h  communication r e l a y  p o i n t .  Perhaps some day 

t h e  moon i t s e l f  might prove t o  be advantageous a s  an i n t e r p l a n e t a r y  launching 

s i t e .  

With ex tens ive  use of t h e  Saturn Apol10 hardware i n  l u n a r  exp lo ra t ion ,  one can 

envis ion  new concepts which can add apprec iab ly  t o  t h e  u t i l i t y  of t h i s  use.  As 

l u n a r  exp lo ra t ion  proceeds t h e  Saturn V v e h i c l e  can be used t o  d e l i v e r  payloads 

t o  l u n a r  o r b i t  and launched i n  p a i r s  t o  d e l i v e r  a s t ronau t s  .and supp l i e s  t o  t h e  

l u n a r  su r f ace .  An unmanned, cargo-carrying Sa turn  V,  f o r  example, could land  

almost 13,600 kg (30,000 ~ o u n d s )  of s c i e n t  i P i c  and ope ra t iona l  equipment f o r  

l a t e r  u se  by a s t r o n a u t s  landing v i a  LB4. 

Information on d e t a i l e d  c h a r a c t e r i s t i c s  of t h e  luna r  su r f ace  and subsurface 

s t r u c t u r e s  i s  needed f o r  t h e  design of t h e  equipment planned f o r  t h e s e  f u t u r e  

programs. Surveyor has a l r eady  provided c e r t a i n  d a t a  on t h e  l u n a r  su r f ace  and 

w i l l  supply more i n  t h e  f u t u r e ;  however, i t s  payload c a p a b i l i t y  prec ludes  

d e l i v e r y  of s i g n i f i c a n t  seismological  equipment. Along with Surveyor,  t h e  Lunar 

O r b i t e r  w i l l  provide h igh  r e s o l u t i o n  photographic da t a  on t h e  luna r  su r f ace .  

Some d a t a  should be  a v a i l a b l e  from both of t h e s e  systems l a t e  i n  1966. Although 

t h e  Surveyor cannot d e l i v e r  a  heavyweight seismic shock source and record ing  



equipment, it could probably emplace a seismic recorder by 1947, i f  t h e  shock 

generat ion i s  assigned t o  another system such as a spent Saturn V/S-IVB s tage ,  

impacting on t h e  moon. 

The Saturn V begins i t s  f l i g h t  program i n  1967 and w i l l  eventually de l ive r  t h e  

Apollo CSM and LM i n t o  lunar  o r b i t .  On such f l i g h t s ,  spent S-IVB s tages  w i l l  

d r i f t  i n  t h e  v i c i n i t y  of t h e  moon and could be d i rec ted  and propelled so a s  t o  

impact t h e  moon t o  c rea te  a s i zab le  seismic shock ( s e e  f igure  1 7 ) .  Normally, 

t h e  s tage  would have been allowed t o  d r i f t  i n t o  s o l a r  o r b i t  o r  returned t o  

ea r th  by control led  re-entry. 

If t h e  s tage  were t o  impact t h e  moon i n  a se lec ted  area  f o r  shock r e g i s t r a t i o n  

i n  a nearby Surveyor recorder ,  a moonquake of magnitude 3 on t h e  Richter Scale 

would be created.  The impact could be 160 km (100 miles)  d i s t a n t  from t h e  

recorder and s t i l l  provide meaningful r e f r a c t i o n  seismic data .  

These da ta  could provide information on t h e  c h a r a c t e r i s t i c s  of t h e  lunar  sub- 

s t r u c t u r e  t o  depths of approximately 30 kilometers. Such information would be 

of g r e a t  value t o  t h e  development of t h e  lunar  subsurface s t ruc tu re  models and 

thus man's knowledge of i t s  nature and h i s to ry .  A s  an a l t e r n a t e ,  if t h e  experi- 

ment must be delayed u n t i l  a f t e r  t h e  Apollo landings on t h e  moon, t h e  seismic 

recorder could be posi t ioned on t h e  lunar  surface i n  an emplaced Lunar S c i e n t i f i c  

S ta t ion ,  de l ivered and posi t ioned by a LM as t ronaut .  Also, i n  t h e  event t h a t  

a Lunar Orbi ter  i s  i n  operat ion a t  t h e  time of t h e  S-IVB impact, t h e  surface  

disturbance could a l so  be photographically recorded and t ransmit ted  t o  ear th .  

The seismic shock provided by t h e  impacting S-IVB s tage  i s  equivalent  t o  t h e  

explosion of t h i r t e e n  tons of TNT. ' The energy i s  produced by t h e  impact of 

15,900 kilograms of empty stage weight t r ave l ing  a t  a ve loc i ty  of 2.56 kilometers 

per  second. The explosive p o t e n t i a l  of 368 kilograms of poss ib le  res idua l  pro- 

p e l l a n t s  i s  included i n  t h e  indicated react ion.  

I n  t h e  normal Apollo f l i g h t ,  t h e  S-IVB propels t h e  Command, Service,  and Lunar 

Excursion Modules i n t o  a t rans lunar  t r a j e c t o r y .  Af ter  t h e  Apollo modules 

separa te  from t h e  S-IVB s tage ,  they w i l l  perform up t o  t h r e e  mid-course ve loc i ty  

correc t ions  t o  insure  an  optimal lunar  o r b i t  ent ry  corr idor  approach. The Apollo 
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modules, t h e r e f o r e ,  move ahead and away from t h e  S-IVB s t a g e ,  l eav ing  it t o  be 

disposed by some d e b r i s  c o n t r o l  opera t ion .  

I n  order  t o  guide t h e  spent  S-IVB s t age  i n t o  a  lunar - impact ,  an i n i t i a l  r e t r o  

t h r u s t  of about 10 1 / 2  meters per  second must be incorpora ted ,  followed by 

s e v e r a l  mid-course co r r ec t ions  wi th  t h e  normal s t a g e  a u x i l i a r y  propuls ion  system 

under t h e  con t ro l  of  t h e  Instrumentat ion Unit .  I n  t h i s  mode of ope ra t ion ,  t h e  

S-IVB s t a g e  w i l l  impact on t h e  luna r  su r f ace  almost s imultaneously with t h e  

l u n a r  o r b i t  c i r c u l a r i z a t i o n  impulse opera t ion  of  t h e  Command, Serv ice ,  and Lunar 

Excursion Modules on t h e  -backside of t h e  moon. It may, t h e r e f o r e ,  be poss ib l e  

t o  view o r  photograph t h e  sur face  d is turbance  from t h e  CSM/LM, s i n c e  they  pass  

over  t h e  impact a r e a  wi th in  an hour a f t e r  impact. 

Thus t h e  Saturn launch v e h i c l e  designed f o r  a  p a r t i c u l a r  mission,  w i l l  have 

u t i l i t y  f a r  beyond t h a t  i n i t i a l l y  an t i c ipa t ed .  The tremendous power and 

v e r s a t i l i t y  of t h e s e  systems w i l l  permit t h e  p u r s u i t  of advanced goals  i n  t h e  

explora t ion  of space us ing  a v a i l a b l e  resources  t o  a  maximum ex ten t .  The scope 

of  t h e s e  f u t u r e  uses  w i l l  extend from u t i l i z a t i o n  of spent  s t ages  through Mars 

f l yby  missions and w i l l  encompass t h e  s o l a r  system. Douglas Mis s i l e  and Space 

Systems Divis ion  i s  p leased  t o  p l a y  a  p a r t  i n  t h e  advancement of world sc i ence ,  

through space exp lo ra t ion .  


